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INTRODUCTION 


Background 

An  increase  in  the  number  and  severity  of  structural  problems  being  found  with 
Ml  74  gun  mount  cradles  brought  to  the  depot  for  rework  suggested  a  need  to  study  the 
structural  integrity  of  the  gun  mount.  A  project  proposal  was  developed  in  September  of 
1986  and  funds  for  the  project  were  provided  in  December  of  1987. 

Objectives 

The  objectives  of  the  proposed  Ml  74  gun  mount  study  were  to: 

1 .  Determine  the  reliability  of  depot  reclaimed  mounts  as  compared  to  new 
mounts. 

2.  Determine  how  many  effective  full  charges  (EFC’s)  a  new  and 
reclaimed  mount  can  safely  withstand. 

:i 

3.  Identify  weaknesses  of  and  recommend  improvements  to  the  gun 
mount. 

-  -L-  ?>.  4 

Project  Plan 

To  accomplish  these  objectives  it  was  proposed  to  either  conduct  extensive  firing 
tests,  to  determine  how  many  safe  EFC’s  each  mount  can  withstand  and  to  get  an 
estimate  of  the  reliability  of  the  mounts,  or  to  develop  a  computer  finite  element  model 
of  the  mount  and  conduct  limited  firing  tests  to  obtain  results  which  could  be  used  as 
inputs  to  the  model  and  as  a  comparison  to  the  model  results. 

The  first  method  was  considered  not  feasible  because  of  the  excessive  cost  of 
testing  and  limited  availability  of  projectiles.  Therefore  the  second  method  was 
followed. 

The  project  was  broken  down  into  the  following  four  phases: 

1 .  Research  gun  mount  history  to  identify  weaknesses 

2.  Develop  a  computer  model  of  the  gun  mount 

3.  Conduct  firing  and  driving  tests 

4.  Recommend  improvements  to  the  gun  mount 
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Progress 


Depot  personnel  were  contacted  and  literature  was  reviewed  to  determine  what  gun 
mount  problems  exist. 

A  computer  model  was  developed  using  PATRAN®  and  ANSYS®,  and  the  model 
was  analyzed  using  ANSYS.  Model  results  and  stress  plots  are  shown  in  figures  1 
through  6. 

Driving  and  firing  tests  were  performed  at  Aberdeen  Proving  Ground,  MD  with  strain 
gages  mounted  in  specific  areas  of  tr\e  gun  mount.  Sample  results  are  shown  in  tables 
1  through  7,  and  in  figure  7.  The  results  of  testing  show  high  dynamic  stresses  on  the 
gun  mount  in  the  area  just  forward  of  the  elevating  gear  and  high  stresses  in  the  area  of 
the  trunnions  from  the  static  loading  of  the  cannon  and  the  equilibrators. 


RESEARCH 

Problems 

The  list  below  indicates  the  problems  identified  during  the  history  research  portion 
of  the  project: 

1 .  Recoil  cylinder 

a.  Oil  leaking  from  rear  of  cylinder 

b.  Oil  leaking  from  front  of  cylinder 

c.  Inside  surface  of  cylinder  forward  of  head  rusted 

2.  Recuperator 

a.  Index  pin  failure 

b.  Copper  ring  neoprene  seal  worn 

c.  Pitted  spur  gear  caused  index  pin  failure 

d.  Worn  seals 

3.  Counterrecoil  cylinder 

a.  Leaks  at  rear  of  cylinder 
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b.  Worn  stuffing  box  packing 

c.  Leaks  at  front  of  cylinder 

d.  Clogged  relief  valve 

4.  Replenisher 

a.  Worn  neoprene  seal 

b.  Piston  assembly  frozen 

5.  Equilibrator 

a.  Pressure  loss 

b.  Rusted  equilibrator  guide  adjusting  screw 

c.  Roller  bearing  cracked  or  rusted  in  place 

6.  Accumulator 

a.  Worn  seals 

b.  Flattened  piston  seals 

c.  Inoperable  high  pressure  valve 

7.  Trunnion 

a.  Roller  bearing  failed 

b.  Trunnion  cracks 

8.  Distortion  of  cradle 
Discussion 

Most  of  the  problems  identified  were  not  related  to  the  structure  of  the  gun  mount 
but  rather  to  sealing  problems.  The  only  structural  problems  identified  were  the  trun¬ 
nion  cracks  and  the  distortion  of  the  cradle.  Letterkenny  Army  Depot  (LEAD)  personnel 
claim  that  the  trunnion  cracking  problem  has  been  fixed  by  increasing  the  radius  and 
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making  the  surface  finish  smoother  at  the  base  of  the  trunnion  cylinders.  This  has  yet  to 
be  proven. 

COMPUTER  MODEL 

A  finite  element  model  was  developed  using  PATRAN.  The  model  was  developed 
one  part  at  a  time.  The  parts  were  put  together  as  the  project  progressed. 

The  parts  that  were  developed  are  shown  in  figures  1  through  4.  When  ail  the  parts 
were  put  together,  the  model  was  transferred  into  ANSYS  and  the  model  analysis  was 
run.  The  latest  revision  of  the  model  is  shown  in  figure  5. 

Loads  applied  to  the  model  represented  firing  torque  loads  and  recoil  mechanism 
rodpull.  The  model  was  constrained  at  the  front  equilibrator  mounting  location,  the 
trunnions,  and  the  elevating  gear  location.  The  boundary  conditions  are  discussed 
further  in  the  appendix. 

Sample  results  of  the  analysis  are  shown  in  figure  6. 


,  TESTING 

Objective 

^  Driving  and  firing  tests  were  performed  at  Aberdeen  Proving  Ground,  MD.  The 
objectives  of  the  tests  were  to  obtain  data  to  be  used  as  inputs  to  the  computer  model 
and  as  a  comparison  to  the  model  results,  and  to  gather  data  indicating  the  stress  levels 
in  critical  areas  of  the  gun  mount. 

The  test  was  initially  scheduled  as  part  of  the  Ml  10  MAPS  test,  and  the  number  of 
instrumentation  channels  available  was  limited.  Therefore,  only  strain  gage  information 
was  requested.  The  Ml  10  MAPS  test  was  postponed  and  later  cancelled.  At  that  time 
a  separate  test  was  requested  for  the  gun  mount  study.  Additional  instrumentation  was 
requested  for  measuring  recoil  mechanism  rodpull  and  equilibrator  pressure.  Neither  of 

these  were  accomplished.  /  . 

I  y  ; 

l  - 

Results 

Strain  gages  were  mounted  on  the  mount  in  the  locations  shown  in  figure  8  through 
1 2.  Road  tests  using  the  six-inch  washboard  course  were  performed  at  speeds  of  3,  6, 
9,  and  12  mph.  Firing  tests  were  performed  using  zone  5,  7,  and  9  charges  at  eleva¬ 
tions  of  8,  28,  and  60  degrees  with  the  gun  at  center  and  25  degrees  right  azimuth. 
Sample  test  results  are  shown  in  tables  1  through  7. 


Of  particular  interest  in  the  results  are  the  stresses  indicated  in  the  area  of  the 
trunnions  due  to  the  static  loading  of  the  mount  with  the  cannon  and  equilibrators  (table 
1 ).  Also  of  interest  are  the  high  dynamic  levels  of  stress  indicated  by  the  strain  gages  in 
front  of  the  elevating  fear  (8  to  -28  ksi)  (figure  7  and  table  3). 

The  highest  dynamic  stress  results  were  on  the  right  trunnion  upper  vertical  strain 
gage  and  the  gage  forward  of  the  elevating  gear  in  the  firing  direction  of  the  cannon. 

Driving  test  results  indicate  small  variations  in  stress  from  the  static  loading.  The 
highest  variations  for  the  trunnions  were  9  ksi  at  the  right  upper  vertical  gage. 


DISCUSSION 

Comparison  of  Model  and  Test  Results 

The  peak  stress  results  of  the  firing  test  compared  with  the  values  obtained  from  the 
computer  model  for  the  locations  listed  are  shown  in  table  7.  The  x  direction  is  along 
the  centerline  of  the  trunnions  and  the  z  direction  is  along  the  centerline  of  the  cannon. 
The  data  listed  for  the  test  were  taken  directly  from  the  firing  record  for  the  test.  There 
is  a  considerable  difference  between  the  test  results  and  the  model  results  for  several  of 
the  locations.  The  differences  can  be  attributed  to  incomplete  model  boundary  condi¬ 
tions  and  inaccuracies  in  the  test  data.  For  example,  in  the  elevating  gear  location  of 
the  model  the  amount  of  deformation  that  can  occur  is  limited  because  the  nodes  are 
constrained.  The  difference  in  the  values  of  stress  seen  in  the  trunnion  location  are 
partly  due  to  the  fact  that  the  inertial  and  weight  effects  of  the  cannon  were  not  included 
in  the  model  boundary  conditions.  The  values  listed  for  the  test  results  are  the  highest 
peaks  recorded  for  the  test.  Values  from  other  rounds  compare  more  favorably. 

Model  Improvements 

The  following  improvements  could  be  made  to  increase  the  accuracy  of  the  model 
results: 


1 .  Use  of  shell  elements  in  thin  areas  (i.e.,  the  body  and  plate  assembly) 

2.  Increasing  the  element  mesh  in  sections  where  radii  exist  and  improving 
the  aspect  ratio  in  other  areas 

3.  The  addition  of  the  elevating  gear,  equilibrators,  trunnion  supports, 
recoil  mechanism  cylinders,  and  the  cannon  to  the  model 

4.  The  use  of  submodeling  techniques 
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The  body  and  plate  parts  of  the  cradle  are  0.25  inch  thick.  It  is  recommended  that 
shell  elements  be  used  in  ANSYS  for  parts  that  are  thin  relative  to  their  length  or  width. 
STIF45  solid  elements  were  used  during  the  initial  development  of  the  model,  to  avoid 
the  complexity  associated  with  the  interface  between  dissimiliar  elements. 

The  recommended  aspect  ratio  between  the  lengths  of  any  two  sides  of  an  element 
in  ANSYS  is  less  than  4:1.  Several  of  the  elements  in  this  model  do  not  meet  this 
recommendation  (especially  the  thin  elements  which  make  up  the  plate  and  body).  The 
model  would  be  more  accurate  if  the  aspect  ratios  were  less  than  4:1 . 

Another  problem  that  exists  with  the  model  are  sharp  corners  where  radii  should  be. 
To  model  radii  with  finite  elements  many  elements  must  be  used  to  create  a  gradual 
curve  because  all  element  types  are  inherently  square.  If  high  stresses  exist  in  a 
portion  of  a  model  where  radii  should  be,  the  element  mesh  must  be  increased  in  order 
to  obtain  accurate  results.  Relatively  high  stresses  are  seen  in  the  section  of  the  trun¬ 
nion  where  a  radius  should  be.  This  area  is  the  same  area  where  cracks  have  been 
found.  This  section  should  be  redone  with  a  finer  mesh  so  that  a  gradual  curve  can  be 
represented  instead  of  the  right  angle  interface  between  elements  that  currently  exists. 
This  is  a  section  where  submodeling  would  be  beneficial. 

During  testing,  high  stresses  were  indicated  in  the  area  just  forward  of  the  elevating 
gear.  Because  of  this  it  is  recommended  that  the  elevating  gear  be  added  to  the  cradle 
model  so  that  the  effects  of  loading  in  this  area  can  be  more  accurately  predicted. 

The  nodes  on  the  outer  surface  of  the  trunnion  portions  of  the  model  are  con¬ 
strained  to  support  the  cradle.  Constraining  these  nodes  prevents  the  model  from 
deforming  in  that  area.  The  use  of  gap  elements  is  recommended  in  this  area.  Gap 
elements  can  be  configured  to  resist  motion  when  loaded  in  compression  and  not  resist 
motion  when  loaded  in  tension.  With  this  configuration  the  trunnions  could  be  con¬ 
strained  where  they  would  normally  compress  against  the  trunnion  supports  and  be 
allowed  to  deform  elsewhere. 

Addition  of  the  trunnion  supports  to  the  cradle  model  would  help  in  yielding  more 
accurate  results.  Tne  base  of  the  trunnion  supports  could  be  constrained,  rather  than 
the  trunnions,  and  gap  elements  could  be  used  between  the  trunnions  and  the  trunnion 
supports. 

Because  the  equilibrators  play  an  important  role  in  supporting  the  cradle,  it  would 
be  beneficial  to  add  them  to  the  cradle  model.  This  would  affect  the  boundary  condi¬ 
tions  on  the  front  of  the  cradle  as  well  as  the  trunnions  or  trunnion  supports. 
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The  boundary  conditions  currently  being  used  do  not  account  for  the  weight  of  the 
cannon  and  breech  assembly.  Adding  the  cannon  and  breech  to  the  model  and  per¬ 
forming  a  static  analysis  with  the  cradle  supported  with  and  without  the  travel  lock  is 
recommended. 

Adding  the  recoil  and  counter  recoil  cylinders  to  the  model  would  make  the  model 
more  accurate.  The  cylinders  add  weight  and  rigidity  to  the  cradle.  A  more  accurate 
recoil  pressure  boundary  condition  could  be  applied  as  well. 

The  use  of  submodeling  in  high  stress  areas  to  obtain  better  results  is  recom¬ 
mended.  Submodeling  is  a  process  in  which  sections  of  the  model  where  high  stresses 
exist  are  removed  and  analyzed  separately.  The  boundary  conditions  for  the  sections 
removed  are  automatically  applied  from  the  results  of  the  full  model  analysis.  The 
element  mesh  for  the  removed  section  is  made  finer  to  yield  more  accurate  results. 

Areas  of  Concern 

1 .  The  high  stresses  seen  in  front  of  the  elevating  gear  during  firing  should  be 
further  investigated.  Depot  personnel  should  be  asked  if  any  problems  have  been 
found  in  this  area. 

2.  The  problem  with  the  trunnion  cracks  should  be  followed.  Those  cradles  with 
the  new  trunnion  configuration  should  be  checked  periodically  to  determine  whether  the 
new  configuration  is  indeed  a  solution  to  the  problem. 

3.  The  index  pin  has  been  redesigned  as  part  of  the  PIP  KIT-6.  If  the  new  index 
pins  are  being  installed,  they  should  be  tracked  to  assure  that  they  work  correctly. 


CONCLUSIONS 

The  original  objectives  of  this  study  focused  on  making  a  comparison  between  new 
and  reclaimed  Ml  74  gun  mounts.  The  objective  was  changed  to  focus  on  determining 
whether  the  gun  mount  is  structurally  adequate  to  withstand  firing  loads  with  higher 
zone  charges  and  a  larger  cannon  than  it  was  originally  designed. 

The  highest  stress  results  recorded  during  testing  were  just  forward  of  the  elevating 
gear  and  on  the  trunnions.  Both  results  were  well  below  the  yield  point  for  the  steel 
used  to  make  the  cradle,  which  is  in  the  130  to  140  ksi  range. 

The  strain  gages  were  mounted  on  the  back  face  of  the  trunnions,  though,  not  on 
the  front  where  a  stress  concentration  exists  at  the  base  of  the  outer  cylinder.  The 
gages  were  not  mounted  on  the  front  because  of  the  tight  fit  between  the  trunnions  and 
the  trunnion  supports.  The  gages  were  mounted  on  the  back  so  that  their  results  could 


be  compared  to  the  model  results.  Unfortunately,  the  model  results  were  not  accurate 
in  that  region  of  the  trunnion  because  of  the  problems  caused  by  the  boundary  condi¬ 
tions  as  discussed  in  the  model  improvements  section 

The  finite  element  model  developed  for  this  project  needs  to  be  further  improved 
before  it  can  produce  accurate  results.  Even  so,  the  results  show  stress  patterns  which 
indicate  problems  in  the  same  sections  of  the  trunnions  where  cracks  have  been  found. 

It  was  decided  that  further  work  on  the  finite  element  model  be  postponed  until 
testing  was  completed.  This  was  done  so  that  the  test  effort  could  be  concentrated  on 
and  a  better  feeling  could  be  gained  as  to  whether  structural  problems  really  exist 
before  more  effort  was  spent  on  the  model. 

The  stress  fluctuation,  from  -8  to  28  ksi  in  the  area  in  front  of  the  elevating  gear  was 
not  anticipated.  Although  the  magnitude  is  low  relative  to  the  yield  strength  of  the 
materials,  a  large  fluctuation  in  such  a  thin  section  could  cause  fatigue  problems. 

This  report  was  written  to  document  the  work  done  for  the  Ml  74  gun  mount  study 
project  so  that  it  can  be  determined  whether  further  work  is  required.  More  work  could 
be  done  on  the  computer  model  and  further  testing  could  be  done  to  gain  more  ac¬ 
curate  results  in  critical  areas  of  the  cradle. 
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4.  System  assessment  for  Ml  10  A1/A2  SP  8"  howitzer,  March  1980. 

5.  AMCCOM  SDC  Recoil  Mechanism  Study,  February  1985. 

6.  High  Failure  Component  Reliability  Report  Ml  10  SP  Howitzer,  April  1986. 

7.  Ml  74  Gun  Mount  Study,  Proposal,  August  1986. 

8.  Know  Your  8-Inch  Howitzer,  November  1986. 

9.  AMC  Pamphlet,  AMCP  706-341,  Research  and  Development  of  Materiel,  Engineer¬ 
ing  Design  Handbook,  Carriages  and  Mount  Series,  Cradles,  September  1963. 
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Table  1.  Round-by-round  data 


P«te 

Round 

ftp,. 

Time 

f  lXfifl 

Propelling 

charee 

Projectile 

— - 

Zone 

Elevation  (deg) 

690201 

1144 

M2 

XM844 

5 

- 

890201 

1 

1313 

M2 

XM844 

5 

- 

890201 

2 

1404 

M2 

XM844 

5 

* 

890202 

3 

1124 

M2 

XM844 

7 

8 

890202 

4 

1143 

M188A1 

XM844 

9 

8 

890202 

5 

1157 

M188A1 

XM844 

9 

28 

890202 

6 

1316 

M188A1 

XM844 

9 

60 

890202 

7 

1413 

M188A1 

XM844 

9 

£•* 

890202 

8 

1419 

M188A1 

XM844 

9 

28  * 

890202 

9 

1427 

M188A1 

XM844 

9 

60  * 

*  The  hull  of  the  howitzer  was  rotated  approximately  25  degrees  to  the  left  prior 
to  firing  these  rounds.  The  line  of  fire  of  the  gun  tube  was  unchanged. 


Table  2.  Static  offset  loading:  M174  gun  mount 


Channel 

Description 

Static  offset (kai) 

1 

RIGHT  TRUNNION  UPPER 

Vertical 

32.39 

2 

RIGHT  TRUNNION  UPPER 

Longitudinal 

1.16 

3 

RIGHT  TRUNNION  LOWER 

Vertical 

36.13 

4 

RIGHT  TRUNNION  LOWER 

Longitudinal 

40.68 

5 

LEFT  TRUNNION  AFT 

Vertical 

•8.06 

6 

LEFT  TRUNNION  AFT 

Longitudinal 

•6.63 

7 

LEFT  TRUNNION  FORWARD 

Vertical 

-0.79 

8 

LEFT  TRUNNION  FORWARD 

Longitudinal 

-2.25 

9 

LEFT  GUIDE  FORWARD 

Transverse 

-3.36 

10 

LEFT  GUIDE  AFT 

Transverse 

-0.43 

11 

RIGHT  GUIDE  FORWARD 

Transverse 

-3.80 

12 

RIGHT  GUIDE  AFT 

Transverse 

-2.43 

13 

ELEVATING  GEAR  FORWARD 

Transverse 

-1.93 

14 

ELEVATING  GEAR  FORWARD 

Longitudinal 

2.29 

15 

ELEVATING  GEAR  AFT 

Transverse 

-5.93 

16 

ELEVATING  GEAR  AFT 

Longitudinal 

-4.76 

17 

CENTER  OF  GUIDE 

Transverse 

-11.77 

18 

CENTER  OF  GUIDE 

Longitudinal 

-15.01 
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Table  3.  Combination  of  static  and  peak  dynamic  loading  of  right  trunnion 


Channal  Description 


Peak  dynamic  Static 

stress  (ksi)*  offset  (ksi)  Total  (k*n 


1  (V)  RIGHT  TRUNNION  UPPER 

2  (L)  RIGHT  TRUNNION  UPPER 

3  (V)  RIGHT  TRUNNION  LOWER 

4  (L)  RIGHT  TRUNNION  LOWER 


17.74  T 
3.25  C 
5.88  C 
3.73  T 


32.39  T 
1.16  T 
36.13  T 
40.68  T 


50.13  T 
2.09  C 
30.25  T 
44.41  T 


*  T  means  that  the  indicated  stress  is  in  tension 
C  means  that  the  indicated  stress  is  in  compression 


Table  4.  Summary  of  peak  firing  stress 


Peak  stress 

Round 

bannel 

£ 

Deacriptlon 

fkall 

no . 

1 

(V)  RIGHT  TRUNNION  UPPER 

17.74  T 

9 

2 

(L)  RIGHT  TRUNNION  UPPER 

3.25  C 

9 

3 

(V)  RIGHT  TRUNNION  LOWER 

5.88  C 

6 

4 

(L)  RIGHT  TRUNNION  LOWER 

3.73  T 

8 

5 

(V)  LEFT  TRUNNION  AFT 

6.20  C 

5 

6 

(L)  LEFT  TRUNNION  AFT 

4.86  C 

8 

7 

(V)  LEFT  TRUNNION  FORWARD 

9.55  T 

6 

8 

(L)  LEFT  TRUNNION  FORWARD 

2.95  T 

2 

9 

(T)  LEFT  GUIDE  FORWARD 

4.25  C 

9 

10 

(T)  LEFT  GUIDE  AFT 

11.76  C 

7 

11 

(T)  RIGHT  GUIDE  FORWARD 

4.74  C 

8 

12 

(T)  RIGHT  GUIDE  AFT 

6.67  C 

4 

13 

(T)  ELEVATING  GEAR  FORWARD 

3.67  C 

4 

14 

(L)  ELEVATING  GEAR  FORWARD 

28.45  C 

4 

15 

IT)  ELEVATING  GEAR  AFT 

8.39  C 

6 

16 

(L)  ELEVATING  GEAR  AFT 

3.61  T 

9 

17 

(T)  CENTER  OF  GUIDE 

6.46  T 

5 

18 

(L)  CENTER  OF  GUIDE 

5.55  T 

5 

V-vertical,  L-longitudinal,  T-transverse 

T  means  that  the  indicated  stress  is  in  tension 
C  means  that  the  indicated  stress  is  in  compression 
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Table  5.  Sample  amplitude  distribution  data  from  road  test 

RUN  3:  SIX-INCH  WASHBOARD  9MPH  M174  (ON  H110)  300TRKS  UNITS:  k«l 
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Table  6.  Sample  amplitude  distribution  data  from  firing  test 

ZONE  9,  ELEV  S,  AZIMUTH:  CENTER.  Ml 74,  25TRKS  UNITS:  kti 

rw  ♦Peik  -Peak  +99.9X  -99.9X  *99%  - 99 %  -90X 
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«-000'^0«-0<\IO 


(NrO'Oiri'O'O^ncOi^ 
«—  <0^Ow>»O'OK.pO'0 


•"  t-  o  o  »o  o 


O-'OO^K.'^sn^ON.O 


*-K»0*-'O.MsZr-inM 


O  TO  Kl  a  N  N 


r-  »-  <M  O  O  O  r- 


000K><\|0*-0«-0 


N  O  »>  O  •-  O  N 


*-  M  O  N 


*-OOJK>©*-©*-0 


t-n-0<500<\I«-KI*- 


N  •“  N  O  *-■  O 


N  Kl  *-  N  O  CO 


s|N*->fS0N0*-0 


K  N  Kl  (V  'f  »-  O 


N-~f'-fVSK1ir\N'0(M  N.  N  Ml  «-  N 

•  ■  •  •  . . U . 


<JNKM»-Wxia)«N  a  ru  in  N  o  >o 


<m  f\»  r\j  >o  ru 


N  <0  K1  1»  M  >Z  IN  Ml  N  o 

•  1  •  T5 . T 


SOlOirtOKCO»-infl  «MB3MlNO«lr- 
*-OOrvj*-pO'Oir»-0'0  gMlNKJ^fON^ 


■OOOK.KiA'OSi/lK  ttKfN'Ci/t'O'Ol/l 

c»/>w-TOOir»w"io 


^Nkl0>I'0'0N>f0> 


^  Ml  >» 

«  >»  N  «  c 


on  «  mi 


rsi  *-  >r  «o  c<  o 


*-*-oo>oo*-o*- 


SSSS2U 

•  •••••• 

K  N  •-  K1  N  K1 


^Mlin-OT-Mlt-N*- 


«HONinS(OO^UUft 

bJINN-O^^ODOMN 

KlMrj^NN>fsrS^ 


171  t>  «J  S  O  O 
aj  r*  m  »-  >o  m  *- 


Ml-OM'flSi-^INMlN 


^  If  n  S  5  S  2 


(N  O  •-  O  O  O  IN 


0*-OMf'<0»-0*- 


<y  Mf  n  it  •-  vt 


fM  Kl  -©  «>  AJ  »A  *- 
K  «  ^  O  Ml  N  ^ 

in  an  -x  rn  mo  rsj 


aj  Ml  >1  Ml  1/1  N  K 


M  ^  O  *-  O  Klj 


W  u  w  u 

i:i:89  QQ^»-soi| 

22S5-I-,B5 

3388138^^2225;;;; 

-.sa0oc22SSiIii??5? 

0052*2335522i3g?Cg 

IUUI<<<  <M>K  9>  H  H  H 

asuiuiuiuiodM>^ia.ibibiLot9oa 

IUIUJJJjMM(UUIUJttlUiUI»MMM 

UUWIUUIUKCJJJJJJKKCK 

MN  ^  MS  A  MS  ^  /N  MM  ^  ^  M  /M  /S 


0>  oc  oc  at  ac 

U  UJ  Ul  Ul 

SI  CtSS  aa»»83|t 

O  <<**.»*.  33«h'h-J-*33 

N  Ui  Hi  »-  O  *»*•<< 

22S;55i2CS»*,,S58S 

•  3  a  iu  mi  ui  <«kOOOo-*»-- 

©>  uoauauuiui  •.«--**** 

OOWUISZXXZ  Z  >  X 

f^^(9d(90«-M002Z2133P3 

a  °  °  2  2  2  2  3  3  5  5  2  2  2  2  2  2  2  2 

oa  «  o  a  *-  ►-  k  *- 

■  *H  UIUI<<<<HH  H  H  H  H 

*A  HH>>>>*XHHHHHHXXXX 
••  Oj  XXUIUIUIUlOdU.HH.IA.IN.li.pOOd 


HHHHHJ>J>J>^> 


14 


Table  7.  Peak  firing  stress  (ksi) 


Test 

Model 

Location 

_X_ 

_Y_ 

_Z_ 

_X_ 

_v_ 

Z_ 

Right  trunnion  upper 

... 

17.74 

3.25 

... 

6.70 

2.90 

Right  trunnion  lower 

... 

5.58 

3.73 

— 

6.70 

2.90 

Left  trunnion  aft 

— 

6.20 

4.86 

— 

3.60 

1.90 

Left  trunnion  forward 

9.55 

2.95 

— 

6.60 

2.20 

Left  guide  forward 

4.25 

— 

— 

0.86 

... 

... 

Left  guide  aft 

11.76 

— 

— 

0.86 

— 

— 

Right  guide  forward 

4.74 

— 

— 

1.60 

— 

Right  guide  aft 

6.67 

— 

— 

1.60 

— 

... 

Elevating  gear  forward 

3.67 

— 

28.45 

5.40 

— 

6.20 

Elevating  gear  aft 

8.39 

— 

3.61 

9.70 

— 

13.30 

Guide  center 

6.46 

— 

5.55 

4.70 

... 

5.10 
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Figure  1 .  Body 


Figure  2.  Guide 


19 


Figure  3.  Trunnion 
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contour  plot 


(L)  ELEVATING  GEAR  FUD 
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Figure  7.  Dynamic  stress  plot,  round  5,  zone  9,  elevation  28,  elevating  gear  (forward) 
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Figure  10.  Strain  gage  locations  on  cannon  guide 
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MUZZLE 
BRAKE  END 


GUIDE 


Figure  1 1 .  Strain  gage  location  on  center  of  guide 
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BREECH  END 


Figure  12.  Strain  gage  locations  in  front  and  back  of  elevating  gear 


APPENDIX 
COMPUTER  MODEL 
BOUNDARY  CONDITIONS 
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The  following  loads  and  constraints  were  applied  to  the  computer  model: 


1 .  The  outer  nodes  on  the  trunnions  were  constrained  from  movement  in 
all  directions. 

2.  The  front  equilibrator  mounting  location  was  constrained  in  the  model  y 
and  z  directions. 

3.  The  elevating  gear  location  was  constrained  in  the  model  y  and  z 
directions. 

4.  Cannon  firing  torque  loads  were  applied  to  the  guides. 

5.  Recoil  rodpull  loads  were  applied  to  a  dummy  recoil  mechanism  plate. 

6.  An  acceleration  was  applied  to  the  model  to  simulate  the  affect  of 
gravity  on  the  gun  mount  (i.e.,  the  weight). 

Equation  1  was  used  to  calculate  the  load  applied  to  the  guides. 


F=T/d 


g 


(1) 


for  which 


Fr  =  load  from  rifling  torque 
T.  =  rifling  torque 

dg  =  distance  between  guides  =  15  in. 

The  rifling  torque  was  calculated  using  equation  2. 

Tr  =  [0.6  W2  (Rb)3  <Pa)]/N  (2) 

for  which 


R.  =  radius  of  bore  =  4  in. 

D 

Pg  as  propellant  gas  pressure  =  36,000  lbs/in2  (a) 
Nr  =  twist  of  rifling,  calibers  per  turn  =  20 


Thus, 
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T  =  0.6  (n  (4  in  )3  (3600  lbs/in2)/20 

T=  682,185  in-lbs 

Fr  =  6821 85/1 5  =  45,479  Ibs 

The  load  Fr  was  distributed  evenly  to  the  nodes  on  the  guide  surfaces.  The  recoil 

mechanism  rodpull  load  was  obtained  from  test  data  from  APG  firing  record  M-89561 
for  a  zone  nine  firing  at  40  mils  elevation.  The  values  of  rodpull  used  were  1 12,000  Ibs 
for  recoil  and  46,000  Ibs  for  the  counterrecoil  cylinder.  These  values  were  summed  and 
then  divided  evenly  among  the  nodes  of  the  model  dummy  recoil  mechanism  plate. 
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